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SUMWRY

Apprrxzimatemethodsof analysisme appliedto theestimationof
thenormalforceendpitchingmomentofthebcdyandthewing~odyend
ttil+mdycotiinationsof anair-tc+airmissilead to theestimation
oftheseinecharacteristicsofthecompletecord?iguration.Theresults
of thecalculationsarecoqaredwithexperimentallydeterminedrm’msl
forcesndpitchingmomentsforthemissilemcdelobtainedata Mach
nuniberof1.4,at a Reynoldsnuniberof1.26million,bssedonthemean
aeroqmamicchordofthewing. Theexperimentaldatasndtheresults
ofthecalculationserepresentedfora rsngeof angleof attackup to*
22°,foranglesofbsnkbetween0° and45°in 11.25°increments.

. .

. Thecomparisonbetweencalculatedresultsandtheeqerimentaldata
showsthat,forthemissileinvestigated,thelongitudinalstabilitysnd
normal+?orcecharacteristicscanbe accuratelyestimated.Themethods
used.arediscussedindetail.

.
INTRODUCTION

Theaermlynanicdesign.of sir-to-air
of aerodxc interferenceeffects.The
areno longerto a firstorderthesumof

missilesisprimsrilya study
propertiesof suchmissiles
theaerOaymmic chsracteris–

ticsoftheisolatedwingandtheisolatedbodyplussmallinterferemce
effectsasistheusualcaseforeirplanes.Becauseoflimitations
oftenplacedonthespanoftheliftingsurfaces,thewingspenmaybe
lessthentwicethebdy dianeterJ sndtheresultingmutuslinteraction

* oftheflowfieldsofthewing@ bodyresultsininterferenceforces
ad momentsoftheseineorderofme@.tudees
elembnts.*

thosefortheIsolated

i -/,
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A furtherproblemexistsintheinterferenceoftandemwingarrange-
ments.Thisproblemhasbeenpresentinairplanedesignbut hasbecome
moredifficultformissilesbecausethespanoftheresrwinginsome
casesisnearlyequalto orlargerthanthatoftheforward-. The
forcesinducedontherearwingofa tandemarrsmgementandthemoments
therebyprovidedhavethereforebecomecorrespondinglymoresignificant.
Inaddition,thenecessityofiattain@glmge lateralaccelgmationsin
targe~eekingmaneuvershasledto theuseof’cruciformwingswith
attendantcomplexWing+tnginterference.

Recognitionofthisproblemhasledtomanyextensivetheoretical
investigationsof interferenceproblemswhich,becauseofthedifficult
natureofthe_sis$ involvecertainsimplifyingapproximations
(references1 to!5).Inallcases,thetheoretical.solutionsare .
restrictedto tiviscidflow&boutwingsandbodiesat smallincidence.
In somecases,a furtherlimitationstipulatingthatthewingandbody
co~inationisveryslenderisimposedon thetheoreticalresults,
therebyrestrictingtheirusefulness.

. A nuniberofexperinmntelinvestigationsofmissileinterference
problemshavebeenmadetoassesstheaccuracyofthetheoretical
studies.(seeforinstancereferences6end7.)TIMresultsofthese
investigationshaveshownin somecasesthattheoryandexperimentdo
notcorrespondprimedilybecausethelimitationsofthetheoryhave
beenexceeded,particularlyinthosecaeesinvolvtngviscouseffects
andthosec~cernedwithlargewingincidencewhichareof great
concerninmissiledesign.Thepresentinvestigationwasundertaken
forthepurposeofextendingthecomparisonbetweentheoryendexperiment
tolargeenglesof attackandtoprovideadditional#formationand
methodsof snalysisforuseinmissiledesign.
tionIsconcernedsolelywiththeliftendwith
bilityofonepsxticularmissileconfiguration.

Em4Boils

Thepresentinvestig~ .
the-longitudinalsta-

—

a bodyradius,feet

B
.

body

T meanaerodynamicchordofthqexposedareaofthewing,feet
.-

Cm pitching+omentcoefficientaboutthemodelcenterofgravity
(basedupontheexposedareaoftwowingpanelsend75) . .

( )

1-.
pitchingmoment

Q%@
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normal-forcecoefficient(basedupontheexposedareaoftwo

wingpsnels) (
normalforce
. ~+ )

normsl-forcecurveslopeforisolatedwingdeterminedfrom

()ac~slenderwingtheory
TV

normal-forcecurveslopeforwingin combinationwithcylin-
~ dricalbalydeterminedfromslenderwing4miytheory

()acJh W+B
norms&forcecurveslopeforisolatedwingobtainedeitkmr

()
as

fromexperimentorframlinearized~ingtheory
zw

normel-forcecurveslope

()gi’
&iCd body

h W+B
normal<orcecurveslope

forwingin combinationwithcyli~

fora slendertriangularwinginc~
binationwitha cylindricalbdy at0° angleof attackendthe

()
acH

wingdeflectedwithrespectto thebodycenterline
s ~+~

tailrootchord,feet

distancefrom
feet

,Striploading
pres=ure

Machnunber

wingtrailingedgeto centeroftailrootchord,

perunitengleofattackin termsof thedynadc

dynamicpressure
(* ‘F)’ ‘- ‘r ‘W=e ‘m’

radialdistancefromvortexcenter,feet

Reynoldsnuniber
.

wi~ send.spen,feet 4

semispenof completelyrolledapvortices,feet

-.
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tailsemispm,feet R

exposedareaoftwowingpanels,squarefeet J.

grosstailareain ogeplane(incl~dingareawithinbodyobtained
by extendingtrailingendleadingedgesofexposedtail) .

isolatedtail(obtainedby extendingtrailingandleadingedges
ofexposedportionofthetailin co@ingtionwiththebody)

tail=bodycombination

inducedvelocityatanypointintheflowfieldabouta vortex,
feetpersecond

free.+treamvelocity,feetpersecond -.

componentnormaltothetailsurfaceoftheinducedvelocity
abuuta vortex,feetpersecond

isolatedwing(obtainedby extendingt~ilingandleadingedges
ofexposedportion.ofthewingin combinationwiththebody)

win&bodyCcmibinatiun

wing-cdy-tailcombinationwiththetailsurfacesinlinewith
thewingsurfaces

wing4mdy=tailcmibinationwiththetsilsurfacesrotated45°
●

withrespectto thewingsurfacek ---

angleof attack,degrees
.

effectivetailangleof attack(c&e’),degrees

circulaticm

angleofincidenceofawingrelative

downwashengleatthetail,degrees

tothebodyaxis,degrees

effectivedownwashsngleatthetail(tailangleofattackin
a uniformstre~ givingtheseineliftastheintegratedload-
ingdueto c obttinedfromstrip

streemmassdensity,slugsperabic

angleofbank(positiveinclockuise
upstream),degrees

theory),degrees -

foot
m

directionlooking
.
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APPARATUSANDTESTS
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TheexperimentalportionofthepresentinvestigationwasCO-
ductedintheAmes&by &foot supersonicwindtunnelata Machnumber
of1.4. Thiswindctunmelisa closed-return,variablepressure,supe~
sonicwindtunnelinwhichtheMachnumbermy be mied continuously
whilethetunnelisb operation.A completedescriptionofthewind
tunnelandanmalysisof thestreamcharacteristicsaregiveninref-
erence8. The@e ofattackinthepresenttestswasvariedinthe
horizontalplaneinorderto utilizethemst unifa.mstreamconditions.

Model

Themodeltested(figs.1 and2) consistedofa cruciform=rw-
mentofliftimgsurfacesmountedona pointed,cylindricalbodyhaving
a finenessratioof 16. Theforwardsurfacesofthecruciformwing
wereoftriangdarp= formwi.ththeleadingedgessweptback60°
givingan aspectratioof’2.31. Thesesurfaceshadsymmetrical,dotil~
wedgeairfoilswhichwere2.90percentthickat 62.01percentofthe
streamwisechord.Eachpanelwashingedat a point43percentofthe
meanaerodynamicchord.Torthepresentseriesoftests,theforward
surfaceswereunreflectedtithrespectto thebodycenterline.The
gapbetweenthebodyandeachwing~el wasappro~tel,yO.o16inch
orabout1/10percentofthewingspan.

Thetail.finsalsowereoftriangularplanformwithleadingedges
sweptback45°givingan aspectratioof 4. .Thetailfinsalsohad
symmetrical,dotil~edgeairfoilswiththemximumthicknessof
3.02percent,occuringat50percentofthestreamwisechord.Thetail
finswerefixedto thebodyat zeroticidence.

Themodelwasconstructedof steelaccordingto thedimensions
giveninfigure1 andtableI andwasdesignedtopermittestsofthe
bodyalone,bodypluswing,bodyplus$ail,orthecompleteconfigura-
tion.Thecompleteconfigurationwastestedwiththetailinterdigi-
tated(tailrotated45°withrespectto thewing)andwiththetailin
linewiththewing.

Support

Themodelwassupportedfromthereszwitha bentst~ whichwas
mountedasa csatileverbeamonthecross-streammetiersofthesupport
structure.Therelativemotionofthe twocross-streambeamsincow
binationwiththebentstingpermitteda testangle-of-attackrangeof
-12°to22°exceptin caseswherestrengthlimitationswouldbe
exceeded.
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Measurements
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Theaerodynamicforcesandmmentsonthemdel weremeasuredby
meansofa six<o~onentelectricalstrain-gagebalancelocatedwithfn
thecylindricalportionofthebodyofthemodel.Theunbalanceofthe
electricalcircuitsofthestraiwagebalance}dueto theapplication
ofloadsywasmeasuredby recordhglight4eamgalvanometers.The
entiremechanical+lectrfcalsystemofthebalancewascalibratedby
appl@ngmown forcesandmcmmxtstothemodel.

,
. .

. .
Theforcesactingoneachindividualpaneloftheforwardvariab-

incfdencewings,whichprovidelongitudinalandlateralcontrol,were
measuredby fkxureme, strain-agebalancesinplanssperpendicular
andparalleltotheaxisofthemodel.Themomentoftheseforcesaboti
thehingeaxisofeachwingpanelalsowasmeasured.

Thepressureatthebaseofthemodelwasdetermhedthroughtheuse
ofthsliquidmmcmeterconnectedto threeorificesinthemodelbase.

Duringtheexperimental.tests,theangleofattackofthemodel
“wasvariedbetween-12°and22°exceptin thoseinst~ceswherethe
strengthlimitationsofbalanceandsupportreducedthemexfmumangle.
Thetestswererunatanglesofbankbetween0° and45°h 11..25°incr-
ments.Theseanglesofbankarerepresentativeof the complete bank-
anglerangeofthemissileinflightbecauseofthefourplmes of
s-try. To obt~these anglesofbank,themddelwasrotatedwith
respecttothebalance.Therefore,forallteststheforcespresented
arethoseoccurringintheplaneinwhichtheangleofattackwasvarid
or ina plane90°tothisplane.b thesetests,therefore,themodel ,
conditionwasalwaysnotedas anangleof attackintheplaneinwhich
themodelincidencewasvariedandan angleofbankofthemodelwings
relativeto thisplane,theangleofbankconsideredpositiveforclock-
wiserotationasviewedfromtherear.

.

.

-.

Precision

Theaccuracyoftheexperimentaldatawascalculatedby conside~
ingthesourcesofpossibleerrorsinthedeterminationoftheaero-
_C forcesj-e ofattack}W streamcharacteristics.Thesquare
rootofthesumofthesquaresofthemaximumpossibleerrorsinvolved
inthedeterminationofa quantitywastakenasthefimaluncertainty
inthemeasurementsofthequantity.Thefinaluncertaintiesatthree
@es ofattackareasfollows:

.

.

.
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Uncertaintyfor
Quantity CL=o”

c~ *o.0015

Uncertaintyfor
a= 10°to20°

* 1 (prcenljofmeasuredvalue)

7

% +.002 *2 (percentofmeasuredvalue)

a *.15° *.1°

M .01 .01

Re .03million .03million

Thepercentageerrorsinpitchingmomentme largerthanthe
errorsinnormalforcebecauseofthenumericallysmallervaluesof
thepitching+mment coefficientascompsredtonormel-forcecoeffi-
cientendbecauseofthefactthaterrorsinnormalforcearereflec-
tedin thepitchingmomentupontransferringthemomntstothecenter-
of-gravityposition.A precisedeterminationoftheangleof attack
isdependentin a largepertuponan accuratelocationofthecenterof
pressureoftheliftingforcesm themodel.Near0° angleof attack,
thecenter+f~ressurepositionwaslessaccuratelyknownthenat
higheranglesof attack.Fort~s reason,in additionto thefactthat
theclearancesin thesix-camponentbalsnceweres~h thatthemdel
wesfreetomoveonthebalanceepprofimately*O.1° theuncertainty

&in theangl~f+ttackmeasurementsis lergerneerO angleof attack ‘
thanathighersnglesof attack.

Thesix-componentbalsnceweebenchcalibrated%eforethetests
andwascslibra~ periodicsJ.lyin thewindtil withthemcxielin
place.Froma tota3of sixsuchcellibrations,themazimmdeviation
froma mesavsluein thecaseofthenormalforcewas&O.9 percentand
*1.2 percentforthemomentgage.

Theelasticdeformationofthecruciformwingandteilsurfaces
wm reco~zed as Q possiblesourceoferrorinthewind-tunnelresults.
Becausetheleadingedgesofthewingendteilsurfaceswereswept
back,aeroehsticeffectscouldresultinreducedwingsadtaillift-
Curm slopes.Consequently,calculationsweremadetofindtheper-
centagelossin liftfromthatof completelyrigidsurfaceswhichcould
be expectedin thepresentseriesoftests.Thecalculationswere
baseduponthetheoryofreference9. k resultsindicatedthatthe “
lossin liftforthewingwaslessthan0.1percentjthelossforthe
tellwesebout3.5~rcent.

●
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RIZSUItTSANDDISCUSSION ●

ASwssnotedpreviously,theaercdpamiccharacteristicsof sir- A
to-sirmissilesaredeterminedtoa largeextentby thewing~odysnd
wing=winginterferenceeffects.Thepresentinvestigationisconcerned
withtheseeffectswiththeviewtowarddevelopingmethodsfordeter-
miningthecontributionoftheinterferencetotheover-alllongitudi–
nslstabilityofthemissile.Forthispurpose,itisdesirableto
subdividethee~erimentslinvestigationofthecompletemissileinto
a.numberofinvestigationsofisolatedelementsendsimplecombina-
tionsoftheseisolatedelements.Inthepresente~eriment,since
sufficientexperimentalandtheoreticalinformationis availableonthe
wingsusedfo;themodel,the
thebodyofthemissile.The
subdividedasfollows:

1. Investigation
2. Investigation

Investigation
$; Investigation

uration

ofthe
ofthe
ofthe
ofthe

onlyisolatedelementinvestigatedwas
experimentalinstigationthereforewas

isolatedbcdy
wing-bodycombination
tail-bodycombination —

completewing-body-tailmissileconfig-
—

Intheinterestofbrevity,theenalysisoftheexperimentaldata
obtainedisconfinedtorepresentativecases.Thegraphicaldata
presented,therefore,arealsoconfinedtothesecases.Thecomplete
experimentalresultsarepresentedforthereader:susein tableII.
Throughoutthisreport,thenormal-forceandpitching+nuentcoeffi-
cients,unlessotherwisenoted,arebesedontheexposedarea(areaof
thewingQing outsidethebody)oftwowingpanelsendon%hemean

.- aerodynamicchordoftheexposedwing. TbfJuseofcoefficientsso
determinedappliestothebcxlycharacteristicsaswellastk othercom-
binationstested,primarilybecauseofconveniencein compexfngthe
contributionofthev~iouselementstothelongitudinalstabilityof“
thecompleteconfigurationofthemissile.

Allpitchingmomentsarereferredto a center-of~avityposition
at79percentofthemeanaerodynamicchord(bodystatiob29.1~ as
showninfig.1). Alltestswereconductedat a Reynoldsrnmiberof
1.26millionbasedonthemesaaerodynamicchord.

IsolatedBody

Theaerodynemi.cforcesandmomentsactingcmtheisolatedbcdyat
6

anangleofattack,whichcontributetothelongitudinalst~ility,can
be consideredtooriginatefromthefollowingsources: .
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1. Thenormelforceonthebodydueto theunseps.ra,tedpotential
flow

2. ThenormelforceaEsociatedwiththeseparationofthecross-“
flowboundarylaym (reference10)ontheinclinedbcdy

Thenormalforceson thebodyweredetermined.experimentally
througha rangeof englesof attackup to22°. Theseexperimental
results,togetherwiththepftchingaomentcoefficientsw~ch werealso
measured,arepresentedin figure3 wheretheyarecompsmdwithcal-
culatedvaluesbasedonpotential-flowtheoryendontheviscouscross-
flowtheoryofreference10.

lt is evident,froma studjoffigure3,thattheyotentisl-flaw
theoryoriginallydevelopedby Munk(referenceU.)inadequatelypredicts
the_tudes ofthenormalforceonthebcdyexceptforsmellvelues
of sngleof attack.Thetheoryofreference10,referredto asviscous
cross<lowtheory,isinmuchbetteragreement.It shouldbe noted
thatthetheoryofreference10 includesboththepotentialcross<law
forceon thebodyasdeterminedfromhnls~stheorywhichis confined
to thatportionofthebodywhichis increasingin size,endtheviscous
crossforce,whichis associatedwithtbstwodimensionaldragofthe
bciiycrosssectionsin a cross-flawvelocityof V sina. Theviscous
cross—flowtheoryo=restimatesto a smelldegreethemagnitudeofthe
normelforceup to about18°eagleof attackatwhichengletheslope
oftheeqxmimentanormsl-forcecurveincreasedendthenormalforces
approachedthosepredictedby theviscoustheory.Thefactthatcal- “
culatedvaluesofthenormal-fmcecoefficientweresomewhatlarger
thenmeasuredveluesmayhavebeendueto enattenuatinginfluenceof
favorsblepressuregradientsonthebcdynose(reference12),therefore,
lessseparationmayhaveoccurredinthisregionthanthethsory
assumes.At 18°angleof attack,thecross-flowMachnuniberis0.42at
whichvalue,accordingto figure9 ofreference10,furtherincreases
in crossMachnuuiberareaccompmiedby significant-increases-incross-
dregcoefficient.TheeffectsofcrossMachnumberuponthecross-drag
coefficientwereincludedinthetheoreticalresultsgivenin figure3.
ThemaximumcrossReynoldsnuuiberreachedat22°@e of attackwas
0.23tillionata crossMachnwiberof0.53.

b therangeof anglesof attackbetweenO0 Snd140,~itching-
momentcoefficientsforthebodye30necalculatedusingviscouscross-
flowtheoryclosel$approximatemeaeuredvalues.At anglesof attack
greaterthan14°,theslopeof theexperimentalpitchi~mnt curve
firstincreased@ then,at snglesof attackgreaterthenabout18°,
thepitching.nmmentcoefficientsdecreasedshexplywithincreasing
@e of attack.

In summs.ry,thetheoryofreference10is consideredasbeingof
sufficientaccuracytopredictthenormalforcesendpitchingmoments
on theisolatedbodyin thesngle+f-ttackrengeup to20°.

—.
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WingAodyCombination

Theaermlynamicfaces endmomentsonthsinclinedwing-bcxlycon+
binationcanbe subdividedasfollows:

1. Theforcesandmomentscontributedby thebdy alone
2. Theforcesandmomeritscontributedby theisolatedwing
3. Theforcesandmomentsduetowingqodyinterference

In theprevioussecticm,theaerodynamicforcesandmomentsof
themissilebodywerediscussed,anditwasshownthatthetheoryof
reference10 gives,a closeapproximationtothee~erimentallydeter-
minedforcesandmoments.Addition&Lexperimentalandtheoretical
studies-of theliftendmomentoftriangularwingssreavdl~le (ref-
erences6,13,14,and15)fortheestimatiaof thecontributionof
theisolatedwing.

Thema@itudeoftheinterferenceforcesendmomentsis shownby
thecomparisoninfigure4 whereintheexperimentallydeterminedforces
sadmomentsaregivenasfuncti.ons.oftheangleofattackandareccm-
p=ed withthealgebraicsumofttiforcesandmomentsontheisolated
elementsofthecombinationas,obtainedfrdmthepresenttestsofthe
bodyendprevioustestsof a triangularwingof similarthickness(ref-
erence13),appropriatelycorrectedi’orasp6ct“ratio(reference14).
Itwillbe notedthatthewing~odyinterferenceis ofsignificant
-tude, ~-tti to a reductionof *out 15percentinthsnormal.
forceat allsx@& of attackmd a stabilizingeffectonI@ pitching
momentsequivalentto a movementofthecenterofgravityequalto
4 percentofthemeanaerodynamicchord.At thepresentti~, a c-
pletetheoreticaltreatmentoftheinterferencephenmenadoesnot
exist.Thatheory thatdoesexistis concernedprimarilywiththe
interferencebetweenthewingandonlythatportionofthebcdyfomuwd
ofthewingtrailingedge. It iEInecessary.therefore~,totreatthe
estimationoftheforcesandmomentsonthewing~cdycombinaticmin a
somewhatapproximatemsmner.Theresultsobtainedarealsoshuwn’in
figure4 andtti.~eementbetweentheapproximatethecmyendthe
experimentisfoundtobe quitesatisfactory.

,
Thisa~roximateanalysisoftheInterferenceeffectsisbasedon

thefollowingconsiderations:

Theforcesandmomentsontheportionofthebcxlyaheadofthe
wingleading-edgejunctureareunalteredby theadditionofthewing.
Thepresenceoftheportionofthebodyed~acenttothewingiscon-
sideredtoinfluencetheaerodynamicforcesandmomentsonthecombin~
tioninthesamemennerasthesuperpositionofaninfinitecylinderof
equaldiemeterontheisolatedwing. Theforcesandmomentsonthe

.

-. —.
.

-

.

—

.

.

..-.
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● portionofthebodyInng behindthewingtrailingedgewereestimated
andfoundtobe insignificsmtforthepresentcase.

a Aswssmentionedpretiously,thestudyofbodylift,ofreference12
indicatesthatthereis em attenuatinginfluenceoftheexialgrowthof
thebodynosecrosssectionon thepressuredistributionwiththenet
resultthattheviscouscross—flowforcesarenotfullydevelopedfor
thtsportionofthebody. Forthisreason,thecontributionofthenose
sectionofthebdy totheaerod~amicforceswasestimatedasbeingthat
duetopotentialflowonly.

Thecontributionof thewingto theforcesandmomentsofthe
win@xxlyconibinationwasdeterminedby themethodofreference1. The
theoreticalconsiderationsofreference1 areconcernedwiththeappli-
cationofslenderwing-bodytheoryto theestimationoftheforces
actingoma wing~odyccmibination.TheuseQf slender+odytheoryper-
mitsthereductionof a difficultttiee-dimensional<lowproblemto
oneofflowintwodimensionsaboutinfinitelylongcylindershating
crosssectianswhichcorrespondto thoseofthewing~cdyconibination
atveriausstatims. Thissimplificationoftheproblem,however,
resultsim a restrictionoftheapplicabilityoftheresultstowing-
btiyccmibinatigns@trigwellinsidetheMachcone.Theresultsofthe
theory,however,cenbe appliedto theliftof otherwing~odycadb-
tionsby themethodusedinreference6,which,in essence,statesthat
theratioofthelift-curveslopeof awing in conibinatfon,withan
infinitecylindricalbodyto tht ofthewingekme asobtainedfrom
slender~odytheorymaybe appliedtowingsof anyaspectratio.This
approschmaybe statedasfollows:

CN%+B ~ ~
cN ‘M
w % %+B

.

(1)

whereinthequotient.of thecoefficientsrefersto valuesdetermined
fromslenderwing~odytheory.Thisquotientismultipliedby the
coefficientnotedas ~ asdeterminedforthe-wingeitherfrom

%
e~erimentelinvestigationsor fromltiearizedwiygtheory.

Thecalculationofthepitchingmomentofthewing~cdyconibin~
tionis elsobasedontheresultsofreference1, sincebothslender-
wingtheoryandlineerized+ingtheoryshowthecenterofpressureon
a triangularwingtobe locatedatthecenterof erea,66.6percentof
therootchordbehindtheapexofthewing. Thetheoryofreference1
indicatesa rearuerdmovementof thecenterofpressureto a pointat
71percentoftherootchorddueto theadditionof a body. Thisvalue
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thecontributionof thewinuPlusinter-
ferenceforcestothepitchingmomentsonthewing~odyZ&&ination.

In summary,thecomparisauoffigure4 showsthatboththenormal
forceandpitchi~_nt determinedby theforegoingmethoisgivea
verycloseapproximationtotheexperimentallydeterminednormalforces
endpitchingmomentsonthewing~odyc~ination.

●

✎

Thecomparisonwesmadeforveriousanglesofbanksinceitwas
showninreference16thattheaneJ..Ysi.sapp~esto dl.anglesofbank.
Thedataindicatethat,in thepresenttests,thenormalforceand
pitchingmomentareinvariantwithbenkangle.

Themethodusedfortheenal~isofthecharacteristicsofthe
wing+cxiycofiinationmaybe usedforothertriangularwing+odyconibi-
nations.Itmaybenecesssryto calculatethecontributicmofthe
portionofthebodybehindthewingtrailingedgeforwingsofhigher
aapectratioforwhichtheduwnwashvelocitiesbehindthewingare
smallenoughtoresultin significantcros~low forcesonthisportion
of thebody. Someremarks*out thisproblem=e giveninreference17.

Tail=odyCombination —

Theaerodyncunicforces
bination,= inthecaseof
intothefolluwing:

the

. 1. Theforcesandmoments
2. Theforcesandnoments
3. Theforcesendmoments

momentsontheinclinedteil~odyccxn-
wing~odyconibination,c= be divided .

onthe
on the
dueto

The-tude oftheinterference

isolatedbody .
isolatedtsil ●

tail~odyinterference

effectsforthetsd.l~odycon-
btiationis‘shownby thedataoffigure5 whereintheexperimentally
determinedforcessadmmentsforvariousanglesofbankarecompared
withthesumoftheforcesendmomentsfortheisolatedelements.The
aerodynamiccharacteristicsof thebodyarethosedeterminedinthe
presentinvestigationwhilethoseforthetailweretakenwithap~o-
priateconversionfromreference18whichgivesexperimentaldatafor
an aspectratio4 triangularwing,3 percentthickin streamuise
section,geometriccharacteristicswhichareverynesrlyidenticalto
thoseofthetailofthemodelofthepresentexperiment.Itwillbe
notedthattheexperimentalpitchingmomentsoftheisolatedcomponents
varynonlinearlywithangleof attack.Thischaracteristicis essocisu-
tedprimerilywiththereductionin taillift-curveslopewithangleof
attackshowninreference18. Thecmpsriscfnoffigure5 showsthe
interferencenormalforceemountsto1.2percentofthesumofthe
normalforcescontributedby ~w~&&&mmponents at20°eagleof

r

.
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attackwhiletheinterferencepitchingmoment,amountsto26percent.
Theinterferencereducesthemagnitudeofboththenormalforce@
pitchingmomnt.

Theenalfiicaleveluaticmoftheaerodynamicforces* moments
fortheteil~odyconibinationrequires,esin thecaseofthewing–
baiycombination,considerableapproximationasfollows:

Theforcesandmomentsontheportianofthsbodyaheadofthe
teilleading+dgejunctureecreunalteredby theAditionoftheteil;
therefore,thebodynormalforceandpitchingmomentwerecalculated
by applmngtheviscuuscross-flowtheoryofreference10tothebody
eheedofthetellleading- juncture.Thepresenceoftheportion
ofthebodyad~acentto thetailis consideredto influencetheesr~
dynamicforcesendmomentsonthecoribinaticnin thesamemannerasthe
superpositionof aninfinitecylinderofequaldismeterontheisolated
tail.

Thecontributiaof thetailplustheportiauofthebodyedjemnt
to thetailtothenormal,forceendpitchingmoment~ be analyzedby
utilizingslenderwing~odytheory,withappropriatecorrectionsto
accountforthefactthatthetdl camnotbe consideredslender,eswas
doneinthecaseofthewin@mdy cominatim. However,en additional
refinementisneces883-Y.

Itwillbe.recalledthatintheemalysisoftheb@y ctiacteris–
tics(reference10)theflowerounda bdy ofrevolutionat Iergesingle
of attackwasshownto e~bit separationcharacteristicsessentially
theseineasthosefora cylinderplacedatrightanglesto a streamof
velocityV sina. TheTressuredistributionarouudtheperipheryofa
crosssectionofthebdy isnearlyidentical,therefore,withthatfor
thecylinderatrightenglestothestream.Experimentsshowthatwhen
theflowarounda cylitierexperiencesseparatim,the10CSJ.peakveloc-
dty onthecylinderfellsconsiderablybelowthatforunseparatedflow.
To femilitatecomputationitmightbe assuamdthatthebodyupwashin
theplaneofthetailisreducedin likeproportion.Thisassumption
isprobablysatisfactoryprovidedtheratiooftailspantobcdydianeter
isnottoolarge.It is,however,notpermissibletoutilizethewing-
b&y interferenceresultsofreference1 tocelculatethetail~ody
interferenceforlargeeaglesofattacksinceforthiscofiination
viscouseffectsmustbe considered.Itispossible,however,tomakeem “
approximationby evaluatingtheeffectsofbodyupwashontheteil~cdy
interference88folluws: *

Theslenderw@@cdy theoryofreference1 givesthenormal-force-
curveslopefora slendertriemgul~wingin ca?ibinationwithauinfinite
cylindricalbodyti inclinedes a unitas
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(2)

semispa.

AdsmsoftheAmes
zeroincidence

the normal-force-curveslopeas
gives

- (3)

where b referstothewingincidencerelativetothebodyexis. It
shouldbe notedthatthecoeff1cientsin equations(2)and(3)arebased
upontheareaoftheisolatedwing(W).

Thenormalforceonthetailendtheportionofthebodyadjacent
to thetsilwillbe obtainedfromtheresultsgivenby equation2 end3.
To takeintoaccounttheviscouscrossflowinthepresentcase,a
valueofthebodyupwashvelocityequaltoO.4 V sina waschosen
baseduponthe,e~erimentalresultsofZahminreference19. In appli-
cationsinwhichthetailaspectratioandcrossReynoldsnumberdiffer
markedlyfromthepresentte~tsthisnumericalvaluemayhave
adjusted.Theeffectsofthereductionofbodyupweshonthe
force+urveslopethenwaswrittenas

tobe
normsl-

(4)‘

wherethe“coefficientsIn.thiscasearebaseduponthe.areaoftheiso-
latedtail(T).

Thenormal-forceinterferericeratiowithviscosityeffectsincluded
(primedquexdxl.tyofequation4)hasavslueaf O.~1 for thetail~ody
conibinationinstesdof0.8’75(unprimedratio)es givenby equation1.
Theapplicationofthisfactortotheexperi”inentelresultsofref-
erence18,appropriatelycorrected,permitstheevaluationofthe
norms3forcecontributedby thetailinthepresenceofthebcdy.

Thenmmentaboutthecenterof gravitywascalculatedby assuming
thenormelforceactsat a centerofpressure,calculatedinthescuue
mennerasforthewing-bcdycombinationin theprevioussection.

A comparisonofthsnormalforceendpitchingmomentforthetail-
bodycotiinationcompute~asoutlinedaboveshowssatisfactoryagreement
withexperimentin.figure~ forvariousanglesofbank.

.

.

.-

.

.

-.

.
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.
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Anothermethodof,treatingthetail+odyinterferencemaybe devel–
opedby assumingthattheupwashflowfielilinthevicinityofthebody -
forthecaseofviscouscrossflowis equivalentto theflowfieldabout
an ellipticcylinderofminoraxisequalto thediameterofthecross
sectionofthemissilebody. Themajoraxisoftheellipticalcylinder
istakenas thedistanceinthecross–flowplanefromthebottomof the
missilebodyto thehorizontalstreamiseplanewhichcontactsthefor- ‘ “
wardportionoftheincllnedmissilebody. Withthedimensionsofthe
ellipticalcyllndersodetermined,theresultsofNonweiler(reference20)
presentinginterferenceratiosforwing-elliptical-bodycombinationsmay
le app~ed.

It isnoteworthythattheinterferenceratioobtainedby subs-ti- -.
lmtingtheflowfieldaloutan ellipticalcy~nderininviscidflowfor
theflowfieldofthecircularcylinderinviscousflowagreesclosely
withtheresultsof equation(4)-forthepresent
ofattack.Thismethodalsotendsto ad@st for
cross-flewseparationat smallanglesofattack.

CompleteConfiguration

modelat–largeangle:
theeffectofreduced

.

Thelongitudinalst*ilityofthecompleteconfigurationofthe
missilemaybe treatedby subdividingtheaercdymemicforcesandmoments
as follows:

1. Theforcesandmomentscontributed.by thewing+aiyconibination
2. Theforcesendmomentscontributedby thetdl~ody combination
3. Theforcesandmomentsccmtributedby theinterferencebetween

thewingin ccmhinationwiththebcdymd thetailin co-
binationwiththebody

~ theforegoingsections,ithasbeenshownthattheaerodynsmLc
forcesandmomentsactingonthewing~odycotiinationendon thetail-
bodyconibinationcenbe estimatedwithsatisfactoryaccuracy.Forthe
completemissile,therefore,theinterferenceresultingfromtheloads
imposedcm thetml by theinducedflowfieldofthewingemdbodyis of
~- concern.

Theinterferenceeffectsassociatedwiththedownwashfieldofthe
wingandbodysxeshownin figure6,whichpresentsexperimenteilnormal-
forceandpitchimg+no~ntdataobtsin”~forthecampletemissileco-
figurationat a Machnuniberof 1.4forrepresentativeanglesofbank,
endcomparesthedatawiththesumofthecontributionsoftheisolated
wing~dy @ thetail(includingbcdy-tdlinterferenceeffects).A

< studyof thsdataofparts(a),(b),and(c)offigure6 showsthat
seriousnonline~itiesareintroducedintothepitching+nomentcurves
throughtheinfluenceof thedowmeshfieldofthewing. Theinter-

. ferenceeffeqtsarefoundtobe mostsevereforthetailbanked45°
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withrespecttothewingpaels (interdigitatedposition).Forthis
condition,thepitching+mxnentcurvesareneexlylinearwhentheentire
missileisatzeroangleofbankbutbecomeprogressivelymorenon-
linearesthemgle ofbenkisincreased.At 45 angleofbsnk,the
nonlineeritiesareso severeastoresultinthreeanglesof attackfor
whichaeraiynemicbalanceofthepitching*t”is experienced,a ‘
conditiawhichis genereJJyundesirable.Whenthecruciformtailsur-
facesareplacedinlinewiththewing,themostseriousncmlinearities
inthepitching~entcurvesoccuratzeroengleofbsnk,amountingto
a significantdecreaseintm slopeof thepitching+omentcurvewith
angleofattackthruughzeroangleof attack.It isevidentfromthe
foregoingthatthedownwashfieldfromthewingintroducesinterference

—

pitchingmomentsofa mostseriousnature..“

“

Factorsinvolvedinestimatiu theflowfieldbehindthewing-
bodyco&inatfon.-Recenttheoreticalandexperimentalstudiesofthe
downwashfieldbehindplanartrien&ularwings(references21 end22)
haveshownthatforallpracticalpurposesthevortexsheetdischarged
fromtQewingtrailingedgeisessentiallyrolledup intotwoconcen-
tratedvortexregionsforthetailpositionofthepresentmodelfor
allbutsmallmglesof attack.Therefore,itwasassumedthatthe
inducedeffectofthedownwashfieldbe~nd thewinguponthetailof
thepresentconfigurationcouldbe snalyzedby assumingthatthevor-
ticityFromthewingisrolledup intodiscretevorticesatthetail
location.Thevorticeswere”fixedin spaceby assumingthemtoorigi–
nateonthewingtrailingedgeatapproximately0.8wingsemispanend
to lieinthestreamdirection.Thedispositionofthevorticesso
determinedis somewhatinaccurate,asis showninreference21;however,

.

theseapproximatepositionswereverifiedexperimentallybytheresults
ofreference22. .

Theapplicatiaoftheseresultstotheestimationofthewing-
bcdydownwashfieldinthepresentproblemIssubjectto someerror
becsnseofthefollowingtwofactors:

1. Thepresenceofthecylindricalbodyofthemissilemodel
betweenthevorticesdischargedfromtwooppositewingpsnelswill
influencethepositionofthevorticestosomedegree.A theoretic~
estimateoftheinfluenceofthebody(reference23),inthepresent
case,showsa negligibleinfluenceofthebodyonthepositioningof
thevorticesin sp=e becaweofitssmallsizerelativetothewing
span.Theinfluenceofthebody,however,meybe si@ficentlylarge
ifthespanofthewingin combinationwiththebody,ismuchsmaller
in termsofthebcxiydiemeterthanforthepresentceseendmaybe of
greatestsiguificsnce,forinstance,forcenerdtrimmingsurfaces.‘lb
smallinfluenceofthebodyforthepresentwing~odycombinationis F
shownby theexperimentalresultsofreference22. Forfurtherstudy,
reference4 shouldbe consulted. .
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* 2. ApplicationofW resultsofreference21,obtainedfor
plaar wings,to thecruciformwingofthemodelofthepresentinvesti–
gationforconditionsinwhichbothcompcmentsofthecruciformwing

. arelifting,will.be somewhatinerrorduetothemutualinteractionof
thefourdischargedvortices.Thiseffectisdiscussedin a subsequent
paragraph.

Analysisofthecontributionof thetail+odycdbinationinthe
Wi~cd.y downwashfield.-Theana3.ysisofthepitchingmomentcon-
tributedbythetd.1is confinedtoth followingtwomostsignificant
cases: .

1. Thenonlineezpitching~omentveriationwithsngleof attack
eqeriencedwhenthetailisin linewiththemodelWingS.
andthemcdelis at zeroangleofbsnk

2. Thenonlinearvariationofpitchingmomentwith=gle of attack,
experiencedwhenthe tail isbenked45°withrespectto the
modelwings(interdigitatedposition)endtheentiremodel
iS bsnksd45°

Theanalysisis confinedto thesecasesintheinterestofbrevity.
, Thedetailsoftheproceduresusedmeyhavetobe modifiedforother

snglesofbank.-

1 Tail ia line,9 = O: In analyzingthefirstcase,t~l in ldne
withwingsendmcdelat zerobank,theflowfield.in theregionof

< thetailis assu@ tobe thatassociatedwithtwovorticesoriginak
ingatthe0.8semispanpointsofthewingendpossessinga circul~
tionproportionalto theexperimentalliftcarriedby thehorizontal
wingofthecruciformarrangement.(Theverticalwingcarriesno lift
in thiscasesinceit liesin theplaneinwhichthemodelengleof
attackis varied.)

Thetailpositirmis sufficientlyremovedfromthewingsothat
theboundvorticityinthewingdoesnotinfluencetheinducedvel-
ocitiesatthetail. (Seereference24.) Eachofthetrailing
vortices,then,maybe consideredtoextendto infinityin either
direction.Theinducedvelocityat my pointintheflowfielddue
to thetwodischargedvorticesfromthewing~ be obtainedfromthe
BiotAe,vsrtLaw. Theloadingonthetailin theinducedvelocity
fieldcanbedeterminedby (1)resolvingtheinducedvelocitiesat
pointsalongthetailspanto obtainthecomponentofvelocityper-
pendiculartothetailsurface,end(2)calculatingtheresulting
inducednormalforce.

Thecalculationoftheinducedverticalvelocityat thetail
surfaceis simplya probleminvolvingthegeometryofthetailend
vortexarrangement.Figure7 s@ws a diagrsmofthegeometric
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considerationsusedin obtainingtherelationshipbetweentheinduced ,-
verticalvelocityendtheangleofattack.Theinducedlocalangle
of attackofthetailsurfacescenbe obtainedastheratioofthe ._
inducedvertical.velocitytothestreanvelocity.Becauseofthe m

two-dimensionalnatureoftheflowintheregionofthetail,the
inducedflowangleisconstmtalonganychordwisestripoftheteil.
Theresultingtwo-dimensiond.characteroftheflowusedintheabove
analysisisrelatedtothefactthattherateofdistortim ofthe -‘- <
vortexpatternwithdistancedownstreamfromthewing3sverysmall.

Theloading onthetailcanbe obtainedby applyingJmown —.
methodsforcalculatingthenormalforceofa Tlemarwingin a non-
uniformstream.Themethodsavailableforvarioust@ planforms
arediscussedin theappendixandthereaderisreferredto this
sectionforfurtherdiscussion.It shouldbe notedthata precise
calculationoftheloedingontheted.1endtheportionoftbebaly

u

sdj=entto thetailin thenonuniformflowfieldbekbd thewing-
bodycombinationpresentsdifficultdesbecauseoftheinterference
effectsbetweenthetail@ theportionofthebdy adjacenttothe
teil.To circumventthesedifficultiesinthepresentreport,
recourse.waqmadeto theengineeringpraoticeof obtaininganeffec-
tivedownwsshangle,ev,by dividingthetheoreticalnormalforceon
theteilconsideredtobe a planerwingin a nonuniformflawfieldby
thenormal-force-curveslopeofthewingin a uniformstream.The
pitchingmamentssuppliedhy thetailandtheportionofthebody
adjaoenttothetail~ thenbe obtainedby utilizingthepitching
momentofthetail,in thepresenceof’thebody,asa functionof
angleofattackdeterdnedpreviouslyintheen&&sisofthetail-.

●

bodycmibinati(m.The~le ofattacktobe usedis,ofcourse,
(E’ ). Thepitching+mmentcharacteristicsofthecompletemissile
configurationcanbe obtainedby simplyaddingthecontributiondue

.

to thetailinthepresenceofthebody,determinedas above,tothe
pitchingmomentsforthewing~odycombinationatthedesiredangle
ofattack. .-

Theanalyticalresultsobtainedas outlinedaboveerecompared
withtheexperimentalpitching~ nt variationwithangleofattaok
infigure8. Examinationofthedataof“thisfigureshowsthatthe
-ytical methcdgivesa satisfactoryestimateoftheveriationof
pitchingmomentwithangleofattackforthiscondition,tailinline
withthewingendthemodelat0° mgle ofbank.

Tailinterdi~tated,Q = 45°: J%wasn&ed previouslydata
obttinedforthetailinterdigitatedwithth tissileat 45 -e of
bankshowa msrkednonlinearvariation.ofpitchhgmomentwithangle

—

of attack.Thenonlinesrcharacterofthepitching+mcmentcurveis
?

attributabletothecomplex’natureoftheinterferenceofthecruci-
formwingandtailarrangement,resultingfromthepresenceof four .
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regionsof concentratedvorticityin theflowfield.Thecontribu-
tionofthetailto thepitchingmoments’maybe determinedam3lyti-
ce.llyintheseinemanneraswasusedforthecaseofthetailin line
endmissileat zeroemgleofbenk,althoughthegeometricrelation-
sbiysinvolvedindeterminingthecomponentsofinducedvelocityin
theregionofthetailaresomewhatmorecomplex.A sketchofthe
geometricarrangementofthetailendthevorticesdischargedby the
wingisshowninfigure9. Although,inthiscase,bothcomponents
ofthecruciformwingarelifting,theinducedvelocityintheflaw
fieldmy be analyzed,to a firstorder,by consideringtwoindepend-
entplanerwingsystemsplacedatrightanglesto onesnother.As in
thepreviuuscase,thevorticesareassumedto originateatthe
O.~emisp~tng trailtig-edgepointsdespitethefactthatthespen
loadingisnotelliptic.Thecirculationassignedtoeachvortexis
essentiallythatwhich,whentakeninccmjunctianwiththeassumed
vortexpositions,givesthenormalforceactingcmeachwingpanel.

Whenthemissileisbanked45°withrespecttotheyl=e in
whichtheangleof attackisvaried,eachpenelofthecruciformwing
experiencesbotha changein enengleof attackenda changeinan
eagleofyawasthemissileengleof attackincreases.Forplmer
wingsystemswhich~erience no rollingaamentveriatimwithengle
ofyaw,it issufficienttodeterminetheliftofeachpuel framthe
engleofattackintheplsneof symmetryforeachcomponent,theengle
of attackfm eachcomponentofthecruciformwingbeing equal to
ten+ (ten al sin450).Trim.gulerwings,however,experiencea lerge
rolling+mmentvariatiintwithangleofyawsothattheleadingpanel
or a planarwingcarriesqoreliftthm thetrollingpanel.Forthe
cruciformmsngementof presentinterest,it isevident,therefore,
thatthetwolowerpanelswillcarrya greaterliftthenthetwoupper
pem.elswhenthemcdelisbanked45°withrespebtto theplaneinwhich
theangleofattackvaries.It isnecessary,therefore,indetermin-
ingtheinducedflowfieldto e8signthe~ppropriate~greaterci~
culationto thetwovorticesoriginatingon thelowerwingpanels.*
a lessercirculationstrengkhtothevorticestrailingfroKuthetwo
upperwingpanels.Thedivisimof losdto theleedingendtrolling
panelscanbedetermined,ignoringhi@er-orderwing-interaction
effects(reference25),ly appl@ngthelinearizedtheoryofyawed
liftingtrianglesat supqrsopicspeeds(reference26).Figure10
presentsthepaaelnormalforcesdet&minedby integratingtti-load-
ing~~n ~ linearized”theory(reference26)overtheleadingPanel
d thetrailingp~ql separa&elyof m isolatedtriangularwing. On
thissamefigureareplottedtheexperimentallydeterminedZenel
loadingsbasedontheereaofthep~el. Itwillbe notedthatthere
isreesonabl.ygo@ agreementbetweenthetheoreticalandexperimental.
resultsandtht atm angleof attackof20°theleadingpenelcarries
a~roximately30percentmore~ft thenitdoesat zeroangleofyew,
and‘thetrollingpenel30percentlesslift.Thevortex”strength
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assigned to thetwolowerandtothetwouppervorticeswasbased,
therefore,ontheequivalentdivisionoftheexperimentallydeter–
minedliftforthecruciformwinginthepresenceofthelxxiy.In
analyzingtheinduced flowfield,theassignmentofproperstrengths
to theupperendlowervortexpairswasfoundtohavea significant
influenceontheestimatedpitchingmomentsdueto thetail.The
liftofeachwingpsnelenditsassociateddownwashfieldwas
replacedby a horseshoevortex(oneforeachpsael). Sincethelifts
csrriedby diametricallyopposedpanelsofthecruciformwingare _
unequal, thereplacementofeachwi@ ptielby a vortexfilement
leavessomenetvorticityatthewingroot. However,whenthenet
vorticitybetweentheremainingtwopanelsisexamined,it isfound
thatthisvorticityis ofequ~”butoppositestrengthwhichresults
ina cemcellationofthevorticityatthewingroot.Thiscsncel–
lation,therefore,leavesonlythefourvorticesoriginatingatthe
0.8semispanpointstrailingbehindthecruciformwing.

Theresultsofthecalculaticmsbasedontheforegoingcc&ider-
ationsarecomparedwiththeexperimentallydeterminedpitching
momentsinfigure11. Itwillbenotedthatthereisreasonablygood

,agreementbetweentheanalyticalpitchingmomentsqndtheexperimental
values,althoughthecalculatedpitchingmomentscontributedby the
tailaresomewhatinerrorat anglesofattackfrom10°to14°. It iS
interestingtonotethattheshapesoftheexperimentalandtheorel+
icalpitching+mnqentcurvesagreewell. Thenearlydiscontinuous
changeinpitchingmomentwithangleofat%ck,shownto occurat13°
engleof attackby theexperimentaldata,-isalsogivenby thedasMd
curve.Thispoint(intheanalysis)wasfoundtocorrespaudto the
angleofattackforwhichthehorizcmtalcomponentofthecruciform
tailliesin a planepassingthraughthecentersofthetwovortices
dischargedfromthelowerwingpanels.Thereaderis againreferred
to theappendixformoredetailedconsiderationofa calculationof
thetailpitchingmoment. ,

Itwasrealizedthattheaxrangenym.tofthefourvorticesused
incalculatingtheinducedflowfielddidnotincludeconsfdera,tions
ofthemutualinteractionofthefourvorticescmtheirdisposition
relativeto oneanotherendto thetail.Water-tankexperimentswhich
permitthevisualizationoftheflowfieldbehinicruciformwings
haveshownthatthemutuelinteractionoffourvorticessigmificantly
distortsthevortexpatternandthatthevorticesdonottrailinthe
streamdirectionfromtheirpointoforiginaswasessumed.The
detiationofthevorticesfromtheessumed-positions,ofcourse,
dependsonthevortexstrengthandtherelatimdistancesbetweem
vortices.Forlow-aspect-ratiocruciform12ftingsurfaces,thedis-
tortionmaybe verylarge.1 Themagrdtudeofthedistortionmaybe
lThediscussionhereisbasedonwork,asyet‘unpublished,bySpreiter

andSacksoftheAmesLaboratory.

*
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calculatedby consideringthelateralend
atthecenterof onevortexby thescticm
integratingtodeterminethedriftofthe

21

verticalvelocitiesinduced
oftheotherthreeendby
vortexcenterastheflow

ph&, tra~lingatstreamvelocity,proceedsdownstreafrcunthe
wingtrailingedge.Essentiallysucha calculationwasperformedin
thepresentcaseforthevorticesoriginatingonthetwolowerwing
penelsonly,sincethesetwovorticescontributethe@or portionof
theinducedflowvelocities.Theresultobtainedshowsthatatthe
tdl stationthedistancebetweenthetwolowervorticesat13°angle
ofattackis 8.5percentgreaterthanwhenthevorticesereassumed
to originateatthe0.8wingsemi.spanpointsendto liein thestream
direction.Ftithepurposeof cqputingthepitchingmoments,the
latereldriftofthetwolowervorticeswascorrectedby essting
thatthevorticesremeitifixedasoriginallyassumed,thatis,
originatingat 0.8semispauendlyingin thestreamdirection,end
thattheteAlspanreducedin sizewithangleof attackin theproper
mannerasto adjustforthelateraldriftofthevortices.The
resultofthecalculationelsois showninfigure11 (bythesolid
curve)togetherwiththeexperimntelresultsendthepreviouscel.-
culationwhichdidnotconsiderthelatersldriftofthevortices.
Itwillbe notedwhenthelaterslmotionofthetwolowervorticesis
takenintoaccount,goodagreementbetweentheexperimentaldataend
thecalculatedresultsisfoti.

It shouldbe emphasizedthatin thepresentcalculationsthetwo
scnucesoferrornotedpreciously,nEU@Y, (1)thefactthatthe
influenceofthecylindricalbodyofthemissilein contributingto
thedistortionofthevortexarrangementwasdisregsmiedand(2)the
incompleteconsiderationoftbseffectsofthemutuelinteractionof
thevorticesinproducingdistortionoftheirspace~~~nt~ ~
be ofmuchgreatersignificanceforothermissiledrfremes,partic-
ularlythosewithcanardcruciformsurfaces.

In eddition,no correctiontothepositiauof the vorticeswas
madeto account forthelateralshiftofthecenterofpressureof
theplan~ componentsofthebsnkedcruciformwing,dueto thecon+
%inedeffectiveengleof attackendsngleof yaw. It appeusY howe~r>
thatthemissilebodyin thepresentcasetendsto causeeachpanelto
actindependentlysothattheloaddistributionovereachpanelis
essentiallysemi-ellipticalthoughthenetloedonthelowerp~els is
~eatirthanontheupperpanels.

CONC!IUDING~

Inpr&ioussections,ithasbeenshownthatmethodsof enelysis
areavaileblewhichwiXlpetit forthemissileinvestigateda close
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estimateoftheaerodynamiccharacteristicsoftheWingAodyconbine+
tion,tail~cdyconibinatfon,~ completemissileconfigurationinclud-
ingmajorinterferencephenomena.Thenonlinearpitching+mmentchemc-
teristicswhichhavelongbeenassociatedwithcruciformwingandtail
arrangementsareshowntobe sasociatedpriwil.ywithcomplexwing-
tdl interferericephenomenawhichareemenableto calculation.

Theresultsindicatethatfurtherresearchisnecessaryto improve
theaccuracyofthecalculationofwing~odyinterferf3nceandofthe
inducedflawfieldbehindcruciformwin@xilyconibinatione.Inpartic-
ular,thefollowingitemsneedinvestigation:

1. Theinfluenceofthecylindricalbdy onthedistortionofthe
vortexsheetdischargedfromthewingtrailingedge

2. Themutualinteractionofthevortex sheetsdischargedfrmn
eachcomponentofthecmzciformwing

3. WingAodyinterferenceforcasestowhichslenderwing~ciiy
theorydoesnotapply

4. Theeffectsofwingplanformonthedistrfbuticmofvorticity
dischargedintothewekeofcruciformwings

5. Theaerodynamicinl%mhceoftheelasticdeformationofthe
airfrsmi3
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mPENDrx

C!ALCUUTIONSOF

Fourstepsareinvolvedin
ference:

WINGATAIZ~CE

thecalculationofthewing+tilinter-

1. Determinationofboththepositionofthevorticesin the
verticelplaneatthetailendthemagnitudeofthecircula-
tionforeachvortex

2. Ikherminaticmofthelocelinducedflowengleperpendicular
totheplanarcomponentsof thecruciformtail

3. Determinationoftheeffectivetail&ownwashangle
4. Determinationofthepitchingmomentsuppliedby thettil

Thefirststep,item1,hasbeenpreviouslydiscussedinthetext
of thereport;theremainderofthea~endix,therefore,willbe devoted
to theotherthreesteps.

DetetinationoftheLocelInducedFlowAnglePerpendicular
to thePlanarComponentsoftheCruciformTeil

In theinterestofbretity,theanelysisofthepitchingmcunent
contributedby thetailin thewingdownweshfieldis confinedtotwo
cases.Thedetailsoftheproceduresusedmayhavetobe mcdifiedfor
otheranglesofbeakendtailorientation.Thetwoproblemsconsidered
arethefollowing:

1. Themissileat zeroengleofbedsandthetailin ldnewith
thewing

2. Themissilebanked45°@d thetellinterdigitated(tail
rotated450withrespectto thewing)

M.ssileat zeroengleofbankandtedlinlinewiththewing.-
Thenecesssrygeometricrelationshipsinvolvedin thedeterminationof
thelocsld&c&eh englesatthet& forthisconditionaresham in
figure7. Asstingthatthet=l positionissufficientlyfarremoved
fromthewingso thatthetrailingvorticesmeybe consideredtobe
essentisll.ylinevorticesextendingtoinfinityineitherdirection,
theinducedvelocityresultingfromthecirculationabouteachvortex
is fromtheBiotiavartLaw

.

.

(Al)
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Onlythecomponentoftheseinducedvelocitiesperpendiculartothe
tai1 surfacecontributestothechangeintailload,in thiscase;
therefore,onlytheverticalcomponentoftheinducedvelocityis sig-
nificant@ is givenby

( )‘t.‘ina“ ~~2 Cos ( Ztsina
w= VICos tad-l— tan-l

)
(A2)sl_y Sf+y

Thelocaldawnwashengleis
VI (St-y)+~ (s1+y)

e=~=— —V V rl T (M)“r2

where zt isthedistsncefromthewingtrailingedgetothecenterof
thetailrootchord.(Tobe precise,thelengthlb shouldbe thedis-
tancefromthewingtrailingedgetothecenterofpressureofchordwise
stripsofthetailsada functionof y. To simplifythO&ySiS, how-
ever,thisdistancewasapproximatedasa constantvalue.)

By meansoftheKutte#oukowskiTheorem,thestrengthofthevor-
ticesmqybe relatedto theliftofthswing+odycombinationas

Substitutingequations(A4)and(Al)intoequati~(A3),thelocal
downwashsmgle-beccsnes

t where

r distancefrti
thetetl

r12 (ztsina)a+

r22 (Ztsina)a+

Sw exposedarea

. .
.

..-,
.--F

-_.

—

.—.
—

(@) “:
. . ..- --—

thecenterofthevortexto thechordtisestripof

(St _ Y)2 -T -.-=

(s’+ y)a
.— —..—

oftwowingpanels, ..

a angleofattack

.—e

.

—.

1
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‘r experimentalvaluefortheslope
theWill&bCdyC-iIlatiOnwith
tislflowmibtracted(basedon

. panels)

ofthenormal-forcecurvefor
thebodynormalforceinpote=
theexposedareaoftwowing

Equation(~) defines’thespanwisevariatibnofthedownwaahangleat
theteillocation.

Missileat 45°angleofbed andtsilinterdititated.- Whenthe
componentsofthecruciformwingofthemissilearebankedat45°with
respectto theplaneinwhichtheangleofattackis vsried,thelocal
downwashangleat thetailmaybe determinedanalyticallyIn thesame
memnsreswasusedforthecaseofthetailin lineandthemissileat
zerobankangle.Thegeometricrelationshipsinvolvedaresomewhat
morecomplex,however,becauseoft- presenceoffourvorticesin the
flowfield.A sketchofthegeometricarrangementofthetsilandthe
vorticesdischargedby thewingis showninfigure9.

Agsin,thestrength
forceonthefourpanels
Kutttioukawski~01’OIL

ofeachvortexcanbe relatedtothenorma3 .
cmposingthecruciformwingby mesmsof the
Thestrengthofeachvortexis

- _?%&’@)swNn- pvst pvst
(A6)

wheren = 1,2, 3,k referstoeachwingpanelandtothetipvortices
. trailingbehindeachpanel;~ is thenormalforceoneachpanel;and

CNn ,isthenormal-forcecoefficientoneachpanel.
.

Fromthegemetricrelationsshownin figure9, thespanwisevsxi-
ationofthedownwashangleattheteillocationinducedby vortices
land2is

rl (s’Cosq -y)e= =—
2#V (Ztsina - st sinQ )2+ (Stcos ~- y)=

,

(A7)

fwbstituting for r= end r= fromequation(A6),thespanwisevsria-
tionofthedownwashangleduetotheiniucedvelocityfieldfrom
vortices1 and2 is
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CN SW (StCosq -y)
E

1

= -hrs’[[2~sinu-
+

s!Sinql)z+ (S*Cos9 -y)a 1

c~2 SW (s!?20s9+y)

4XS’[(2tSins+ s’ sillq)z’+(StCosq+ y)a1
(A8)

where CNl@ CN2 arethe normal<orcecoefficientsonyanels1 and
2 basedupontheexposedareaoftwowingpenels.Thesecoefficients
wereobtainedby dividingtheexperimentallydeterminednormalforce”
forthecruciformwingandbcdycaibination(figs.3 and4)proportion-
allytotheliftontieleadi~panelandtr&l& panels
cruciformwingasshownInfigure10. Thisprocedurewas
thetextofthereport.

Fromsymmetry,ofcourse,thelocalinduceddownwesh
vortices3 andkq be determinedby simplysubstituting
inequatdon(A8).

DeterminationoftheEffectivaDownwashAngleat

of-tfibeaked
discussedin

angledueto
-y for y

Tail

Beforediscussingthecalculationoftheeffectivedownwesheagle
in thepresentcase,.itisperhapsdesirabletodiscussthevarious
methmisaveilsbleforestimatingtailloadsinnonuniformfluwfields.

.

A nuuiberoftheoreticalanalysesfordeterminingtheloedingofplanar
wingsinnonuniformflowfieldsme available,rengingfrommddified .
striptheoriestosolutionsexactwithinthelimitationsoftheline-
arizedtheory.Themethodsfallintocertaincategoriesdeterminedly
therelationshipofthesweepoftheMaohlinestothesweepofelements
of the wingsesfolluws:

1. WingslyingneerthecenteroftheMachcme (slenderwing
wing~cdytheories)

2. Wingswithsubsonicleadingedges(applicationofreversed
flowtheorems)

3. Wingswithsupersonicedges

.—

.-

Winm lytng nearthecenteroftheMachcone.-In thiscategory,
several.newtheoreticaltreatmentsareavail~le.Inparticular,in a
recentarticleintheJournaloftheAsronaut-icalSciences(r?f—
erence27),MorikawaandPuckettarrivedat thesolutionforthespan-
wiseI.ift influencefunctionfortwochordwisestripsofinfinitesimal
width,atsmallanglesof attack,endsymmetricallydisposedoneach
sideoftheverticslcenterplane.Theresultobtainedshowsthelift

cmm!l!m~

*
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associatedwiththestripsto verywiththespanwisepositionofthe
stripsinthessmemannerasthespemwiseloadingfortheslenderwing
orslenderwing~odycofiinationatangleof attack.Similarworkby
Adams(reference28)forslenderwingsgivesresultswhichmaybe
appliedtocalculationsforas-tric flowfields.

Furtherworkofgreatusefulnessinthiscategayhasbeendoneby
LomaxendByrd(reference29)forthecaseof slenderwingsandslender
wing~cdyconibinatiasinthepresenceofdistributedvortexsheetsas
wellssdiscretevortices.Theresults=8 givqnin closedform.

Sufficienttheoryexists,therefore,topermitthecalculationof
tsilloadsforteilplenformslyingwellwithintheMachcone.

WinKSwithsubsonicedRes.- No exactsolutimshavebeenpublished
in thiscategory.Approximatesolutionsexistin theformofstrip
theories(references9 end30),andexactsolutionscanbe obtainedin
caseswherethereisno interactionbetweenleedingedges.Howevq,it
hasbeenpointedoutby severalinvestigatorsthatexactsolutionsfor
thelosdassociatedwitheninclinedchordwisestripofa triangukc
wingcanbe deducedby applyingthereversed-flowtheoremsofreferences
31,32,33,@ 34. Theresultingtheoremis 88fcillows:

Theinfluenceof thedeflectionofa chordwisestripof a
wingontheloedingofthewingisequivalentto theinflu-
enceexertedontheloadingofthestripastheresultof
placingtheentirewingatthesane.angleof attackin
reversedflow.

Theresultis,therefore,thatthespemwiseinfluencefunction,as
definedby Aldenad Schindelinreference35,isidenticslto thespan
loaddistributionofthetriangularwinginreversedflow. It appears,
therefore,thatexactsolutionsforwingsinnonuniformflowscanbe
obtainedwhenreversedflowtheoremsareapplied.

ins!s withsupersonicedms.- Considerebleinformationexistsfor
wingswsweptaheadoftheMachline(references35 and36). Exact
solutionsareavdlableinmostcasesad bothspamiseandchordwise
streemnonuniformitiesmaybe treated.

h thepresentreportthemet~ ofreference36wasa~liedto
thecalculationofthetailloadingtodeterminetheeffectivedownwash
angleatthetailsincethetailleadingedgesaresonic.Theeffective
downweshangleatthetailwascalculatedas

(A9)
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By substitutionoftheexpressionforthespaawiseveriationof --
thedownwashangleatthetaillocationgivenby equations(~) and
(A8),theeffectivedomwmhan@es forthetwocssesconsideredbecoms

For BWTO,Q = @:

CN a Sw “.s~
E* = % {/’“c+(1- .2+[

(s’- Y)
4YcsfSt o (Ztsina)% (s’- y)a

(S’+y)
]}(2t sina)2+ (s’+ y)2 ‘y ,.

ForBWT459 9 = 45.0:

-1- .,. .—

(luo )

—
sA{ r%-z) r ~1 (s’Cosq -y)

~1= “+~t’L(zt sina-fis’st 1.Jo “’ , s’sinP)2+ (s?cos%-y)2

CN (S’ COS p + Y) 1}(2t sins+ 8’ sinq)z+(stCOSQ + y)= ,dY .. (All)

Theaboveeq~tionsmaybe evaluated analyticallytoobtainclosed
expressionsfortheeffectivedownweshauglesatthetaillocation..
Thsfinalexpressionsaresomewhatcumbersome,however,andforthis
reesonhavenotbeenincluded.

DetezmhationofthePitchingMcunentSuppliedby theTail

Util.iztngtheeffectivedownwash@es previouslycalculated,the
contributionofthetai1 andtheportion.@ thebcdyadjacentto the

.tailto”thepitchingwment ofthe,completeconfi~ationo~ be..
‘ob@inedfrum,t&experfnwnt~_@/or theoretical.pitchin~cmentcurves
f~_tli”t&llAodycmibi~tion& thebdy+bne results(figs.5 and3,

“.,.respectimly),as , .’
.,........ ..... ,:.. .... .~i.:~”,...... ..... .... ...*-. ...-. .-.—-..’..--..--.-—--...--.-.!.,...“,<,:.;,:,+.::..,,,.” ....~.r.% f(tiy+f) , . -,, m.2j ~ -“”;..,....,,... .... ‘*,.-F.~“:,“~J..;.=. - -,.=-.,...--,. s“’+ :-..<,? .?..-.:..’,,, ...7 .... . . . -i’ .. ... ,:. ..-....— .:. ,.
!“
... “T@ ‘~~chi&moment-for”~thecomple~conf’i~ation& be obtd~” .by
‘ edding.the.,con~ributi~of thp‘@lr esobi%i~dineachcaseby the
~~ pr~edurei@icatedinequation(A12),totheappropriateexperimental

ortheoreticalvaluesofthep$tching.m~nt forthewi@03y ccmibha-,. tlongi~ infigure4. $
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In theforegoinganalysis,experimentaldatafortheaerodynamic
forcesandmomentsupont@ isolatedcomponentsofthemissilewere
usedin orderto suppress,insofaraspossible,redundanterrorsthat
mightappesrduetodiscrepanciesbetweentheoreticalcalculationsof
theseforcessndmomentssndexperiment.It shouldhepointedoutthat
theuseoftheseexperimentaldatadoesnotdetractfrcmthegenerality
of theanalysis,sincetheresultscontainedinthebdy ofthereport
showthatthelongitudinalstabilitycharacteristicsoftheisolated
componentsofthepresentmodelcanbe predicte~withreasonableaccu-‘ -
racy. A comparisonofthemeasuredlongitudinalstebilitychsracter–. isticsofthecompleteconfigurationsndth&calculationsforthetwo
configurationsconsidered[shownin figs.8 and11)appearto confirm
theappropriatenessoftheassumptionthatthevorticesbehitithe
cruciformwingsrecompletelyrolledup atthetaillocation.

.

.
1.-

- .;
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TABLEI.-MOIELDIMENSIONALDATA

33

Body

Owsr-slllength,inches.. . . . . . . . . . . . . . . . .. 57.31
Distancefmxunosetipto:
Endof ogivalnosesection(beginningof constsnt
section),inches... . . . . . . . . . . . . . . ...22.50

Leadingedgeofmainfin(intersectionwithbody),incbss. 20.92
‘Trsilingedgeofmainfin,inches. . . . . . . . . . . . . 32.22
Leadingedgeoftailfin(intersectionwithbody),inches.. 51.77
TrsAlingedgeoftsilfin,inches. . . . . . . . . . . . . 57.07
Centerof gravityposition,inches. . . . . . . , . . . . . 29.14

Diameterofconstantsection,inches. . . . . . . . . . . . . 3.60

Fins Main ‘I%il—.

Thickness(percentlocslchord),percent. . . .’. 2.90 3.02
Lpcatimofmaximmthiclmess(percent
chord),percent . . . . . . . . . . . . ...62.01 50.00

Ove~span, inches. . . . . . . . . . . ...16.68 14.19
Rootchord(theoretic&latbodycenter
line),inches . . . . . . . . . . .. . ...14.45 7.10

Tipchord . . . . . . . . . . . . . . . . ...0.00 O.m
Chordatfi&bodyintersection,inches. . . . . 11.31 5.30
~nge-linebodystation,inches . . . . . . . . 27093 --
-Theoreticalvertexangleatbodycenter
line,degrees . . . . . . . . . . . . . ...30.0 45.0

Grossarea,twofins,inchessqusred. . . . . 120.53 50.40
Mea aerodynamicchordof grosssxea,inches.. . 9.63 4.73
E~ose& srea,twofins,inchessquared. . . . . 73.87 28.08
Mesnaerodynamicchordof exposedsrea,inches. ●7.54 3*53

.

-

r.
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~

TABLE II.- CHARACTERISTI~OFVARIOUS

. CONT’IGTJRATIONS

(a)BodyAlone

a
leg) c~ % (d% % ~

-4.0 4.0370-0.0175 10.10.09300.0841

4.0 -.0169-.0134 12.2 .X222 .1044

0 .0001-.0031 14.2 .1587.X222

2.0 .0151 .0088 16.3 .1962.lym

4.0, .0291 .0300 18.3 .2470.1771

6.1 .0449 .0546 20.4..3351 .1875

8.1 .0674 .0679 22.5 .4637 .1457
~ . . . . ----

,=-’
.

,

... . . ---
.

.
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(
c

(d:g)

+:;
-7.0
J+.8
-2.6
-.4
2.3,
4.5
6.6
8.8
u..o
13.1
15.3
17.5
19.6
21.7

= 0°

%

4.8495
-.6870
-.5158
-3443
-.1742
-.C@o
,lW
.3356
.5130
.6%7
.Vm
1.@23
1.1970
1.3616
L5468
1.7097

Tkii3%-
rI.2&13-11.34 .8354-0.2735
72101 +,1 -.6p3 y2199
-.1558 --f.(1-.~3 -.1675
-,10!35 -4.8 -.33% -.~~

.J’o %%
-.ml -2.: -.1 8
-.W3
.0570 G .MZJ .@-n
.lQ36 4.5 .3275 .111~
.1431 6.7 .7316 .1641
.1856 8.8 .21C0
,2676 11.o :LW5 .$!~
.3033 13.2 1.014!5.W’i??
.3489 15.4 1.1m6 ;$~64
.3tiG 17.31.3330
,4219 19.6 1.4832 .4E08
.4721 21.8 1.6323 .5109

TMBIX11.-CONI-

(b)Witi Plus Bcdy

p = 22.50 10

l:g)
-IL3

2.’;
-4.8
-2.6
-.4
2.2
4.lk
6.6
&8
1,1.o
13.2
15.3
17.5
19.7
21.8

---+-

CH %

4.8553 .2%(
-,6309 -.2031

-.153(
:3% Y 1CX41
-.lVO -.C542
-.03CF!-.0061
-.1466 .~
.3234 .lcge
.503 .1584
.6759 ,2153
.8421 ,267c

L
l.ooy( .3C%C
1.1683 .3606
1.3370 .W
1.W ,4726
1.6620 .?

(l&
+.1
-7.c
-4,8
-2.6
4.4
2.2
4,5
6.7
8.8
Lo
13.2
15.4
17.5
19,7
---
---

33.75’3

%

.0.6835
::3.&

-.1734
-.0299
.1458
.3172
.4916
.f=9
.8421
1.0110
1.1849
1.3557
1.5475
---
---

%

J3.2h23
-.1849
-,1268
-.061w
-.c087
.06tx
.lQ02
.1856
.2338

:32
.3975
.44&
.~o
---
---

d:g)
41.3

$’;

-2:6
-.4
2.2
4.6
6.7
8.8

:::
15.4
17.5
.19.7
---

D = 450 I

t

% %

0.8542 .2697
-.6935 -.21~
-.5123 -.15

?-.3350 <101
-.1688-.Oyo
-.0301 -.W’(3
.1495 .0707
.3173 .1217
.4989 .1727
.67k8 .2338
.8463 .2764
1.020’3.3244
1.u376 .3746
1.3730 .4216
1.5620 .4843
---- --

w
u
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1
(d:g)

-9.8
-7.8
–5.8
-3.8
4.8
-.
.;
1.8

;::
7.8

2:;
13.9
15.9
18.0
20.0

L .

--%k-

1
4.*5 0.969
-.P% .709
-.2437 .s88
-.1630 .384
-.W .179
7 Olm .ce3
.0119-.022
.0749 -.180
.ls~ -.398
.23% –.6C6
.3193 -.795
.3995
.Mk33.;?$
.5631-1.283
.65cFj-I.*
.7356-1.532
.84104.623

!CABLE11.-CONTINUED

(c)Tail PIUE Body

(&g
-9.8
-7.8
+.8
-3.8
-J..8
-.
.:
1.8
3.8
5.8

;::
Ii.9
G.9
15.9
17.9
20.0

= IL2:

77

0.4038
-.3283
-.24%
-.1634
-.0302
-.0160
.0110
.0753
.1598
.2421
.3237
.4097
.4891
j71;

.7442

.&J33

=-b@
-o.9$)1 -+

%-.803 -i’.
v.507 -5.8
-.401 -3.8
-.183 4.8
-027 -.3
-.025
.-.182 1:i
-.405 3.8
.-.6SL 5.8
-.8@3 7.8
-989 9.8
-1..15411.9
-1,30313.9
-1.43715,9’
-1.55917.9
d.647 f!o.o

= 22.50

‘%

0.4192
-.3306
.2468
_ 1639
-.0810
_ 0163
.Ou?o
.o~
.I&l
.2448
.3265
.4073
.4922
.5784
.6461
.7560
,t?&?2

.

%

1. ~
.816
.613
.W
.188
.029
-.028
y 1.87
Y 410
-.619
y 81.I.
-.989
-1.163
a..322
J..4W
-1.797
-1.679

(&g]

-9.8
-7.8
-5.8
-3.8
-I.8
-.
.;
L 8
3.8
5.8
7.8
9.8
IJ..9
13.9
15.9
17.9
20.0

= 33.7-

‘%

D.4187
-333
-.2487
-.1657
-.0830
-.0176
.0110
.0741
.15t32
.24u
.3236
:g

.5833

.67@
;777

I

%

0.989
.798
.595
.393
.l-p
.cm

-.045
-.1~
-.399
-.608
.8C4
-.597
-1.174
-1.342
-1..m.l
-1.647
-1..707

&
9.8
–7.8
–5,8
-3.8
-L8
—.
.;
1.8
3.8
5.8

;:
11.T
13.9
15.9
17.9
20.q

= 45”

% ~

a.4@ 1.Q31
73317 .8U
-.2489 .&g
–.16y4 .395
-.0817 .lB
- om9 .021
.0110-.039
.Om -.181
.1596-.401
.2415-.611
.3260--.814
.41CQ-1.C03
.4924-1.in
.57116-1.343
.6737-1.515
.7738-1.660
.M51 -l.-@

<

~

G.
G



.

!CAKLEH - coIm!mUED

(a)Ca@ete Configura~iona

, 4

I
-J1.k -1.1153 0.5921
4.3 -.~o .4393

-.67b2 .2884
;:: -4561 .1634
-q _23k8 .0651
-. -.0392 .0283
2.2 .1742 -.0248
4.7 ;p; -.1245
6.7 -.2488

.8363 -.3945
I.!::1.0651 -.5578
13.1 1.3001 -.77J33
15.2 1.5044 -.8523
17.3 1.687’7-.9604
19.3 L9088 l.om
21.6 2.1347d. 1972

WJ!co

L&)
-KL.3
-9.2
-7.1
+.9
-2.6
-0.3
2.3
4.5

::;
I.1.o
).3.2
15.3
17.4
19.5
---

--L0987
= 8’n8
-.661.4
-.W
-.2285
-.0152
.1894
.3957
.6137
.8321
1.0616
1.2’@
1.4732
1.6938
L 8834

0,5693
.4150
.2783
.16?0
.0674
.c@15

-0376
-,11%
-.2294
-3643
-.5156
-6559

:J/#
-1.0082

AJ..3~
+2.2
-7.1
-4.9
-2.6
-0.3
2.3
4.5
6.7
8.9
n.i
13.2
15.3
17,5
19.6

4,0934 0.5247
-.m15 .3990
-.66/31.2738
-.4489 .1570
-.2321 .0674
-.0140 .W(O
.1&6 -.0236
.304 -.0987
.61.05-.2039
.8248-.3Z23
1.0503-.4553
1.2656-.5881
1.4865-.7149
1.6771-.7691
1.8550.8250

---- ----- ---- -

q 933.750

-

1
dL3 -1.0933 .4EQCJ
-9.1 -.8665 .3337
-7.0 -,6524 .2186
4.8 -.4363 .1238
-2.6 -.2337 .0557
-0.3 ~.0387 .CQcx)
“2.3 .1650 .0191
4.5 .3765-.0838

.5942-.1’/84
!:; .&Y58 2816
I.l,oI,.(x283.397’8
13.1 1.2k87-.5u39
15.3 1.4490-.6213
17.4 1.6499-,7m5
18.1 1.72?2-.7305
--- ----- -

-11.2

::~

-2:6
-. 3
2.3
4.5
6.6
8.8
11.0
13.1
15.2
17.3
19.4
21.61

4.06960.4321
-.8709 .3305
-.65Q1 .2210
Y 4323 .1233
-.2X5 .0EC!4
-.0310 .0113
.1~ -.0301
.3850-.1028
:gg -,;;:

1.0342:3775
1,2598-.53fW
1.4~8 -.6447
1.6840-.7294
1.8795-.~46
2.0834-.839

w
-J

I
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TABLE II.- CONCWJIED

(d) Concluded
. .

ql=oc’

&l-z
-1.1.3-1.0939
+.2 -. 8%20
-7.0 -.6779
-4.8 -.4724
-2.6 -.2561
4.3 -.0138
2.3 .2136
4.6 .4352
6.7 .6447
8.9 .L34m

“11.o 1.*
13.2 1.2843
15.3 1.4896
17.5 L698X
--- ---

I____ --

cm

0.5341
.41%
m;

.1.$J13

.a?~
-.low
-.2258
-.3142
w 395A
-.5ra
-.6538

;%
--—
..-

I@!r . .

(p= 11.250 I Q=22.5°

.11.3
+.2
-7.0
-4.8
-2,5
-0.2

2.3
4.3
6,7
8.9
11.1
13.2
15.3
17.5

-1.o@8
-.87k6
-.6TL9
-.4648
-.2U7
-.CQl
.212t
.J+309
.6350
.8333
1.033k
1.2h07
1.41J16
1.Ee30

0.51.H
..4109
.3349
.2587
.1634
.021$1
-.Il!!m
-.E@
-.2966
-.3515
-.h15k
-.51@3
-.L51q
-.73Q?

-11.h
-9.2
-7.0
J+,8
-2.6
-0.3
2.3
4.5
6.7
8.9
I.1.i
13.3
15.4
17.5

, , .
1

f% h

--1.okT-(0.3745
-.85U .3J+3L1
-.6720 .3086
-.b@ .2484
-.26’24 .1659
-.0174-.OCXY+

.206 -.1015
;42PQ-.2039

-.2624
.6u8 -.2>72
.9908 -.W32

L 197a -.2821
&%. -.9330’

-.5658
--- ___
--- ___

ql= 33.750 I q = IL50 I

&
-1.l.k
-9.2
-7.0
-4.8
-2.6
-0.3

f:;
6.7
8.9
u,.1
13.3
15.J+
17.5
18.2
—--

-1.0047
-.%265
-.6453
-.J+576
-,261k
-.0337
f$g

.61A7

:$%
1,1456
1.3729
1.5956
L 6825
—--

,,!,

.,

, .,

I 1, . ( :,1:,

!2
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Figure L-Dimensions of model.
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Figure 2.- Model installation.
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Figure ~- Chorocteristics of wingplus body.
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Figure6.- Continued
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Figure6.-Concluded.
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FigureZ- Geon@ncrekv’ionsfw a4tahhg pa?wike vtmbhbn of dowwod ungie ut ~
to] due to compfe%elyro#ed-up vortices behihd wing iraifng edge.
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FiWre 9.- Geomeiric relations for obtuining the spanwise variation of the downwush
angle at the tail due to completely rolled-up vortices behind the

cruciform wing banked at 450.
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Figure 1/,– Pitching -moment choroctertitics of the complete configuration with
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assuming fully ro$’ed-up vortices.
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